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GeoSyntec Consu l tant s

E X E C U T I V E S U M M A R Y
T h i s document has been prepared by G e o S y n t e c Consul tant s , A t l a n t a , Georgia

(GeoSynte c), on behalf of the Bailey Si t e Set t l or s Committee (BSSC) to present the data
obtained from supplemental site investigation activities in the North Marsh Area of the
Bailey S u p e r f u n d S i t e , located in Orange County, Texas . T h i s work product is the
result of T a s k 5, "Supp l emen ta l N o r t h Marsh Area S i t e Inves t igat ion and Evaluation
of Original Remedy", of the "Work Plan for Focused Feasibility Study, Revision 1"
[ G e o S y n t e c , 15 August 1995] (hereaf ter referred to as FFS Work Plan).

The FFS Work Plan proposed that the original remedy and alternative di sposal
options for the N o r t h Marsh Area waste be evaluated. The original remedy presented
in the Consent Decree for the site requires the North Marsh Area waste (tarry waste
and u n d e r l y i n g - a f f e c t e d sediment) to be excavated, s tabi l ized, and placed into Pit A
within the North Dike Area. Prior to placement of the stabilized material into Pit A,
the pit would be enlarged and a perimeter berm would be constructed around the p i t .
A cap that is similar to the cap required for the N o r t h Dike Area would be constructed
over the di sposed material.

F o l l o w i n g a review of the existing data for' the N o r t h Marsh Area waste,
GeoSynte c concluded that there was not s u f f i c i e n t data to adequately evaluate alternative
disposal options for the waste material. There f or e , a supplemental site investigation of
the N o r t h Marsh Area was implemented to co l l ec t and analyze samples of the tarry
waste and under lying-af f e c t ed sediment.

Based on a statistical evaluation of the analytical data for the N o r t h Marsh Area
waste sample s , chemical constituents are not present at hazardous level s when compared
to TCLP regulatory levels . In addi t ion, the data set was evaluated to have a normal
distribution and is therefore considered representative of the N o r t h Marsh Area waste.
T h e r e f o r e , the N o r t h Marsh Area waste is considered non-hazardous and no more
sampling is necessary.
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Three di sposal alternatives were developed based on the analytical results of the
N o r t h Marsh Area waste samples. These alternatives are:

• Alternative 1 — Disposal in Pit A (Original Remedy)
• Alternative 2 — Disposal in the East Dike Area; and
• Alternative 3 — Off-Site Dispo sa l .
The three alternatives were evaluated based on technical, economic, and regulatory

considerations and USEPA's nine-point criteria for evaluating remedial alternatives.
Based on this evaluation, Alternative 3 is considered the most desirable di sposal option.
T h i s alternative includes:

• N o r t h Marsh Area waste excavation;
• pos s ib l e on- or o f f - s i t e pre-disposal s tabil ization;
• transportation of the waste material; and
• o f f - s i t e di sposal in a Clas s I industrial l a n d f i l l (non-hazardous).
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1. INTRODUCTION
1.1 Terms of Reference

This document has been prepared by GeoSynte c Consul tants , Atlan ta , Georgia
( G e o S y n t e c ) on behalf of the Bailey S i t e S e t t l o r s Committee (BSSC) to present the data
obtained from supplemental site investigation activities in the N o r t h Marsh Area of the
Bailey S u p e r f u n d S i t e , located in Orange County, Texas . T h i s work product is the
result of Task 5, "Suppl ementa l North Marsh Area S i t e Inve s t iga t i on and Evaluation
of Original Remedy", of the "Work Plan for Focused Feasibility Study, Revision 1"
[ G e o S y n t e c , 15 August 1995] (hereaf ter referred to as FFS Work Plan).

The supplemental site investigation activities were performed in accordance with
the appropr ia t e requirements of the f o l l o w i n g documents:

• S a m p l i n g and Analys i s Plan for S u p p l e m e n t a l S i t e Inve s t iga t ion for Focused
F e a s i b i l i t y S t u d y , Revision 1, (SAPSSI) [ G e o S y n t e c , 17 August 1995];

• Final S a m p l i n g and Analysi s Plan (SAP-HLA), [Harding Lawson Associates
( H L A ) , October 1 9 9 1 ] ;

• Final N o r t h Marsh Area Waste S a m p l i n g and Analys i s Plan (NMWSAP-
H L A ) , [ H L A , November 1993;

• H e a l t h and S a f e t y Plan (HASP), [Parsons Engineering Science, Inc. (Parsons
E S ) , J u l y 1995].

1.2 Project Background
The Bailey S u p e r f u n d S i t e is located approximate ly three miles ( f i v e km) southwest

of Bridge City in Orange County, Texas . The site was original ly part of a tidal marsh
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near the confluence of the Neches River and Sabine Lake. In the early 1950s, Mr. Joe
Bailey constructed two ponds (Pond A and Pond B) at the site as part of the Bailey F i s h
Camp. The ponds were reportedly constructed by dredging the marsh and p i l i n g
sediments to f orm dikes along the north and east l imits of Pond A (the N o r t h Dike Area
and the East Dike Area). Between the time of construction (1950s) and the spring of
1971, Mr. Bailey used a variety of wastes (including industrial wastes, municipal solid
waste, and construction debris) as fill material for these dikes.

In 1984, the USEPA proposed the site for inclusion on the National Priorities List
(NPL). The site was placed on the NPL in 1986. A remedial investigation (RI) was
comple t ed for the site in October 1987, and a f e a s i b i l i t y study (FS) was completed in
A p r i l 1988. The RI concluded that: (i) the site has had no impact on drinking water;
and (ii) in the unlikely event that any constituents were to migrate in the direction of
ground water f l o w , it would take over 800 years for them to reach potab l e ground
water. The shallow ground water beneath and adjacent to the site is saline and not
suitable for human consumption. The closest public water s u p p l y we l l , located
approx imate ly 1.5 miles (2.4 km) northeast of the site, is estimated to be approx imat e ly
385 ft (117 m) deep. The nearest municipal water s u p p l y wel l s are located
approx imat e ly 2.6 miles (4.2 km) northeast of the site and have a reported d e p t h of
approx imat e ly 585 ft (173 m). There has been no development in the pro j e c t area, nor
is it l ike ly to be suitable for future development due to prohibitions against development
in wetlands areas. No air emissions above ambient conditions were detected during air
monitoring activities conducted during RI f i e l d activities.

The FS recommended in-situ s o l i d i f i c a t i o n of the on-site waste as the pre ferred
remedy for the site. U S E P A selected this remedy in its Record of Decision (ROD),
signed on 28 June 1988. The remediation area comprises the North Dike Area, East
Dike Area, and the N o r t h Marsh Area. The N o r t h Dike Area is approx imate ly 3,000 ft
(914 m) long by 130 ft (40 m) wide, and the East Dike Area is approximate ly 1,200 ft
(366 m) long by 220 ft (67 m) wide. S u r f i c i a l tarry wastes are present in the N o r t h
Marsh Area which borders the north side of the N o r t h Dike Area. These wastes extend
f r om the edge of the N o r t h Dike Area to a distance of up to 150 ft (46 m) into the
marsh.
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A remedial design (RD) for the above remedy was deve loped by H a r d i n g Lawson
Associate s , Hous ton , Texa s (HLA) and a construction contract for the implementation
of the remedial action (RA) was awarded to Chemical Waste Management, Inc. (Chem
Wast e) in 1992. During initial at t empts to s o l i d i f y waste in the East Dike Area, Chem
Waste encountered numerous d i f f i c u l t i e s attaining the s p e c i f i e d performance parameters
for the s o l i d i f i e d waste. As a result of the d i f f i c u l t i e s , the RA was eventually
suspended in early 1994. Remedial activities that were completed prior to the cessation
of work include the construction of the dike around the East Dike Area of the site, and
partial s o l id i f i ca t i on of waste within that area.

A f t e r Chem Waste s t opped work, the BSSC retained independent contractors and
consultants to perform a pi lo t study to evaluate the f ea s i b i l i ty of the selected remedy
(i.e. , in-situ s o l i d i f i c a t i o n ) at one location in the East Dike Area. The study indicated
that s o l i d i f i c a t i o n could be performed at that location in general conformance with the
spec i f i ca t i ons . The study concluded, however, that to meet the s p e c i f i c a t i on
requirements, conformance tes t ing needed to be based on wet sampl ing of uncured
material, f o l l o w e d by laboratory curing, rather than coring of material cured in-situ (as
had i n i t i a l l y been per formed). I m p o r t a n t l y , the study did not address the f e a s i b i l i t y of
s o l i d i f i c a t i o n in other areas of the site. Data and information col lec ted during the RA
indicates that the waste in the N o r t h Dike Area is deeper and more heterogeneous than
the waste in the area of the p i l o t s tudy. Data obtained during the RA also indicates that
waste constituents in the N o r t h Dike Area include municipal waste, rubber crumb, and
tarry wastes which, based on both USEPA and industry experience, may be d i f f i c u l t
and expensive to e f f e c t i v e l y s o l i d i f y in-situ. If present in s u f f i c i e n t quantities, these
constituents could render in-situ s o l i d i f i c a t i o n t echnical ly in f ea s ib l e .

Based on RA activities at the site to date, the BSSC concluded that succe s s ful
site-wide s o l i d i f i c a t i o n of waste at the site would be, at a minimum, expensive, time
consuming, and d i f f i c u l t to implement. S o l i d i f i c a t i o n in accordance with the
spe c i f i ca t ions may be technically i n f e a s i b l e in the North Dike Area. Recognizing this
f a c t , USEPA requested that the BSSC further evaluate the f e a s i b i l i t y of s o l i d i f i c a t i o n
of the North Dike Area and perform an FFS to i d e n t i f y whether more expedient and
e f f e c t i v e RA alternatives may be available.
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Other reasons for per forming the FFS at this time include: (i) developments over

the past seven years in the materials and methods used to implement RA alternatives
will allow consideration of remedial alternatives not available at the time the original
FS was prepared; and (ii) data col lec ted during conduct of the RD and RA have
resulted in an improved understanding of subsurface conditions at the site in comparison
to the understanding of conditions at the time the original FS was conducted.
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2. O B J E C T I V E S
The original remedy for the N o r t h Marsh Area required the tarry waste and

under ly ing-a f f e c t ed sediment (hereafter referred to as North Marsh Area waste) from
the marsh to be removed, s tab i l i z ed , and placed into Pit A within the N o r t h Dike Area.
The eastern end of Pit A is shown in Figure 1. In the original remedy, improvements
to the Pit A di spo sa l area, including enlargement and construction of a perimeter berm,
would be made prior to placement of waste in the pi t . The disposal area would then
be capped in a similar manner as other areas of the North Dike Area that contain waste.

In the FFS Work Plan, it was proposed that the original remedy for remediation
of the North Marsh Area waste be re-evaluated and that potential alternative remedies
be considered. Two alternative d i spo sa l options have been i d e n t i f i e d : (i) placement of
marsh waste within the perimeter berm in the southern hal f of the East Dike Area,
f o l l o w e d by capping of the area; and (ii) o f f - s i t e di sposal of the N o r t h Marsh Area
waste at a commercial disposal f a c i l i t y .

Data regarding the chemical characteristics of the N o r t h Marsh Area waste are
l imited. More s p e c i f i c a l l y , prior to the supplemental site investigation, adequate data
did not exist that would al low preliminary waste p r o f i l e sheets to be comple t ed. Waste
p r o f i l e sheets are required to make decisions regarding the technical and regulatory
f e a s i b i l i t y of o f f - s i t e d i s p o s a l , and to obtain cost quotations for d i spo sa l . It was
therefore necessary to collect additional data to f u l l y characterize the North Marsh Area
waste and evaluate the alternative di sposal options for the N o r t h Marsh Area waste, as
presented in the FFS Work Plan. The sampling and analytical program for the N o r t h
Marsh Area was designed to provide data suitable for these purposes that would
supplement previous data.

The results of the investigation were used to evaluate alternative di sposal options
for the N o r t h Marsh Area waste. The evaluation considered both the technical and
regulatory f e a s i b i l i t y of each alternative di sposal option.
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3 . SAMPLING AND ANALYTICAL PROCEDURES
3.1 S a m p l e Collect ion

On 10 August 1995, samples of the tarry waste and u n d e r l y i n g - a f f e c t e d sediment
(where po s s i b l e) were collected from six locations within the North Marsh Area of the
site. S a m p l i n g locations were selected to provide approximate uniform coverage of the
waste, and to provide representative samples of the waste in terms of visual
consistency. S a m p l i n g commenced from the west end of the waste area, and progressed
towards the east. The f ir s t four locations were accessed using a small boat. The latter
locations were accessed on f oo t since they were in drier areas of the marsh. F i g u r e 1
indicates the sampl ing locations.

S a m p l e s were c o l l e c t e d , using decontaminated tools and placed into laboratory
prepared containers, in accordance with the SAPSSI. Due to the very oily and tarry
nature of the marsh waste, it proved in f ea s i b l e to re-use sampling tools. T h e r e f o r e ,
sampl ing tools were used only once. Each sample was labe l ed , placed in a p l a s t i c
bubble pack bag, and stored on ice in an insulated cooler for transportation to the
analytical laboratory. S a m p l e s were sh ipped under chain-of-custody protocol s to an
analytical laboratory for chemical analyses and to a geoenvironmental laboratory for
paint f i l t e r testing. Chemical analyses were performed by EcoSys , Norcross , Georgia,
and paint f i l t e r tes t ing was performed by GeoSyntec Consultants Environmental Lab,
Atlanta, Georgia.

3.1.1 S a m p l e I d e n t i f i c a t i o n
Each samples was given a unique four part id en t i f i ca t i on number that designated

the f o l l o w i n g :
• S a m p l i n g Organization - GeoSyntec (G)
• General Area of the S i t e - N o r t h Marsh Area(NM)
• S a m p l e Matrix - Waste (W) or S o i l / S e d i m e n t (S)
• Loca t i on/Numeri ca l Designation - Where more than one sample or dup l i ca t e s

were taken, samples were labeled A, B, etc.
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For example, a sample with an id en t i f i ca t i on code of G - N M - W - 3 A would indicate

a waste sample taken by GeoSynte c in the N o r t h Marsh Area at location 3.

3.1.2 S a m p l e Descriptions
T a b l e 1 provides descriptions for samples collected on 10 August 1995 during the

supplemental site investigation activities. T h i s information includes approximate water
depth at the time of sampl ing, sample matrix, visual description, and waste thickness.

3.2 S a m p l e Analysi s
T a b l e 2 presents an analysis summary for the samples taken on 10 August 1995

for this supplemental site investigation. The f o l l o w i n g analyses with the representative
methods were used on one or more samples (USEPA test methods given in parenthesis):

• M e t a l s , T o t a l and TCLP (Method 6010/7470);
• S V O C , Tota l and TCLP (Method 8270); .
• V O C , Tota l and TCLP (Method 8260);
• Pesticides and PCBs, (Total and TCLP (Method 8080));
• Tota l Cyanide (Method 335.2);
• Tota l F l u o r i d e (Method 340.2);
• Tota l Nitra t e (Method 3 5 3 . 1 ) ;
• T o t a l S o l i d s (Method 160.3);
• Reactive Cyanide (Method 7.3.3.2);
• Reactive S u l f i d e (Method 7.3.4.1);
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Waste P r o f i l e - Corrosivity (Method 150.1); and
Wast e P r o f i l e - I g n i t a b i l i t y (Method 150.1).
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4. ANALYTICAL R E S U L T S
4.1 Summary of Analytical Results

T a b l e s 3 and 4 present the results of analyses performed on the tarry waste and
u n d e r l y i n g - a f f e c t e d sediment samples collected from the North Marsh Area. T a b l e 3
includes the laboratory results for samples col lec ted on 10 August 1995 and samples
collected by Harding Lawson Associates (HLA) in November 1993. Only compounds
which were detected in at least one sample are presented in the table. T a b l e 4 presents
the maximum value, minimum value, and average concentrations for those compounds
presented in T a b l e 3, together with a p p l i c a b l e regulatory limits . Laboratory data for
the 10 August 1995 samples are presented hi A p p e n d i x A (bound separate ly). Various
tables included in A p p e n d i x A present a summary of the analytical results for these
samples and prescribed regulatory levels.

4.2 Evaluation of Analytical Results
A statistical evaluation of the analytical data for the N o r t h Marsh Area waste

samples collected during the supplemental site investigation demonstrates that:
• the constituents in the N o r t h Marsh Area waste are not present at hazardous

levels when compared to TCLP regulatory l ev e l s , as prescribed in 40 CFR
§261.24 (i.e., the North Marsh Area waste is non-hazardous); and

• the data set for the supplemental site investigation was evaluated to have a
normal dis tribution and is considered representative of the N o r t h Marsh Area
waste (i.e . , no more sampling is necessary in the N o r t h Marsh Area).

T h e r e f o r e , the N o r t h Marsh Area waste can be di sposed in a Cla s s I industrial waste
l a n d f i l l (non-hazardous), contingent on di spo sa l f a c i l i t y - s p e c i f i c requirements ( p o s s i b l y
pre-disposal stabilization).

The s tat i s t ical evaluation was performed on analytical results for samples of the
tarry waste and did not include results for the u n d e r l y i n g - a f f e c t e d sediment (TCLP
analyses were not performed on the u n d e r l y i n g - a f f e c t e d sediment samples). Constituent
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concentrations for the excavated N o r t h Marsh Area waste (tarry waste and underlying-
a f f e c t e d sediment) will be even less than the concentrations detected for only the tarry
waste samples as a result of normal excavation and handling procedures that will occur
during construction.

The statistical analysis was per formed using methods presented in "Chapter Nine -
Sampling Plan, Test Methods for Evaluating Solid Waste," [EPA/SW-846] (hereaf t er
referred to as Chapter Nine of SW-846). This analysis is presented as A p p e n d i x B of
this document.

Prior to per forming the s tatis t ical evaluation, the results of the chemical analyses
were compared to TCLP regulatory levels. One sample and its dup l i ca t e (G-NM-S-3A
and 3B) marginally exceeded the TCLP regulatory level for 1,2 dichloroethane by 0.22
and 0.1 parts per mil l ion, re spect ively. In addit ion, one sample (G-NM-S-3A) s l i g h t l y
exceeded the TCLP regulatory level for benzene by 0.06 parts per million.

The statistical evaluation was therefore performed to assess whether the exceeding
constituent concentrations are "considered to be present in the waste at a hazardous
level", based on U S E P A criteria presented in Chapter Nine of SW-846. The statistical
evaluation is a two-step process that analyzes: (i) the statistical s ignificance of the data
set with respect to the presence of constituents at hazardous waste l eve l s; and ( i i )
whether additional samples are necessary for the evaluation. Based on this evaluation,
the constituents in the North Marsh Area waste are not present at hazardous l eve l s
(i.e., the N o r t h Marsh Area waste is non-hazardous), and the data set is considered
representative of the N o r t h Marsh Area waste (i .e . , no more sampl ing in the N o r t h
Marsh Area is necessary).
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5. IDENTIFICATION OF DISPOSAL OPTIONS
5.1 Introduction

Three di sposal options were considered for the N o r t h Marsh Area waste. These
alternatives are:

• disposal in Pit A (original remedy);
• di spo sal in the East Dike Area; and
• o f f - s i t e d i spo sa l .
Each of these d i spo sa l options includes s tabilization of the excavated North Marsh

Area waste as a potential pre-disposal process. Pre-disposal s tabil ization of the
excavated material may not be necessary or required depending on the physical
propertie s (e.g., moisture content, vi scos i ty) of the excavated material. Pre-disposal
s tabil ization of the excavated waste material is addressed hi more detail in Sect ion 6 of
this document.

The three di sposal options are described in the f o l l o w i n g sections of this report.

5.2 Alternative 1: Disposal in Pit A (Original Remedy)
5.2.1 Description of Alternative

T h i s alternative represents the original remedy for the di sposal of N o r t h Marsh
Area waste, as developed by HLA. Key components of this alternative are as f o l l o w s :

• excavation of N o r t h Marsh Area waste;
• pre-di spo sa l s tabil ization of excavated materials;
• improvements to Pit A-inc luding enlargement of the perimeter berm;
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• transportation of stabilized materials to Pit A;
• placement of s tabi l ized materials into Pit A; and
• c a p p i n g of the area in a similar manner to the other areas of the N o r t h Dike

Area.

5.2.2 Economic Considerations
All three disposal options contain certain common elements that are considered

baseline costs. These include excavation and handling of wastes and pre-disposal
s tabi l izat ion (if necessary). Alternat ive- spe c i f i c costs for Alternat ive 1 are: (i)
improvements to Pit A; (ii) placement of the stabilized materials into Pit A; and (iii)
capp ing of Pit A. Based on a review of the original construction bids for this
alternative (OH Material s and Sevenson Environmental Serv i c e s) , the order of
magnitude cost estimate for the modi f i ca t ions to Pit A, placement of waste into the p i t ,
and capping the pit (i .e . , the al t ernat ive-spec i f i c items only) is $1,400,000.

5.2.3 Other Considerations
The f o l l o w i n g considerations are also relevant to the selection and implementation

of Alternat ive 1:
• although the waste would be stabilized and c a p p e d , the waste material would

remain on-site;
• f o l l o w i n g placement of the cap, Pit A would require long-term maintenance;
• this alternative would require a s igni f i cant lead time for the preparation and

improvements to Pit A; therefore, it is unlikely that this alternative could be
executed during the 1995/1996 winter construction season, thereby causing
the waste to remain in the N o r t h Marsh Area until the 1996/1997 winter
construction season; the work at the site should be conducted during the
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winter months so that the hurricane season is avoided and so that cooler
temperatures result in improved material handl ing;

• existing wetlands at the site (Pit A) would be adversely a f f e c t e d by the
construction operations; and

• a review of USEPA's nine-point criteria for evaluating remedial alternatives,
as presented in "Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA" [ E P A / 5 4 0 / G - 8 9 / 0 0 4 ] , was performed with
respect to this alternative; based on this review, Alternative 1 would:

achieve and maintain overall protection of human healtii and the
environment;
po s s i b ly comply with the site a p p l i c a b l e or relevant and appropriate
requirements (ARARs) (this criteria needs further consideration);
provide long-term e f f e c t i v e n e s s and permanence;
reduce the mobi l i ty of the waste and toxicity of leachate from the waste,
and would increase the volume of the waste; and
not be implemented until the 1996/1997 winter construction schedule,
therefore this alternative lacks short-term e f f e c t i v e n e s s ; however, the
alternative is considered implementable.

Stat e and community acceptance were not evaluated as part of this review.

5.3 Alternative 2; Disposal in the East Dike Area
5.3.1 Description of Alternative

T h i s alternative involves excavation of N o r t h Marsh Area waste and di spo sa l in
the southern part of the East Dike Area (previously s o l id i f i ed area). The North Marsh
waste would be placed in lifts d irec t ly on top of the s o l i d i f i e d portions of the East Dike
Area. Key components of this alternative are as f o l l o w s :

• excavation of North Marsh Area waste;
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• pre-disposal s tabil ization of excavated materials (if necessary);
• grading and preparat ion of the selected East Dike Area d i spo sa l area;
• transportation of stabilized materials to the East Dike Area;
• placement of the stabilized materials into the prepared area; and
• capping of the area in a similar manner to the other areas of the East Dike

Area.

5.3.2 Economic Considerations
Alternat ive-spec i f i c costs for Alternative 2 are: (i) the grading and preparation of

the selected d i spo sa l area within the East Dike Area (this would l ike ly be the area that
was previously s o l i d i f i e d ) ; (ii) transportation of the stabilized materials to the East Dike
Area; and (iii) placement of stabilized material into the prepared area. C a p p i n g of this
area will be required even if the area is not used for marsh waste di sposal , and is
therefore not an a l t ernat ive- spec i f i c cost.

Detailed cost estimates have not been prepared for this d i spo sa l option. However,
based on a review of the alternative-specif ic components, costs for each component,
except transportation of wastes to the East Dike Area, are l ik e ly to be less than the
corresponding items for the preparation of Pit A. T h e r e f o r e , for purposes of
comparison, an order of magnitude cost of "less than $1,000,000" has been assumed
for the al ternative-spec i f i c components.

5.3.3 Other Considerations
The f o l l o w i n g considerations are also relevant to the selection and implementation

of Alternative 2:
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• although the waste would be stabilized and capped, the waste material would

remain on-site;
• a cap will be constructed over the East Dike Area even if the N o r t h Marsh

Area waste is not di sposed in this area; there fore , long-term maintenance
requirements and costs for the cap would not be direc t ly attributed to the
placement of the N o r t h Marsh Area waste in this area;

• it is unlikely that this alternative could be designed and constructed in time
for the 1995/1996 winter construction season, thereby allowing the waste to
remain in the N o r t h Marsh Area until the 1996/1997 whiter construction
season;

• exis t ing wetlands at the site (Pit A) would not be adversely a f f e c t e d by
construction operations; and

• a review of USEPA's nine-point criteria for evaluating remedial alternatives,
as presented in "Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA" [ E P A / 5 4 0 / G - 8 9 / 0 0 4 ] , was performed with
respect to this alternative; based on this review, Alternative 2 would:

achieve and maintain overall protection of human health and the
environment;
po s s i b ly comply with the site ARARs (this criteria needs fur ther
consideration);
provide long-term e f f e c t i v e n e s s and permanence;
reduce the mobi l i ty of the waste and toxici ty of leachate from the waste,
and would increase the volume of the waste; and
not be implemented until the 1996/1997 winter construction schedule,
therefore this alternative lacks short-term e f f e c t i v e n e s s ; however, the
alternative is considered implementable.

Stat e and community acceptance were not evaluated as part of this review.
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5.4 Alternative 3; O f f - S i t e Disposal
5.4.1 I d e n t i f i c a t i o n of O f f - S i t e Disposal Faci l i t i e s

G e o S y n t e c has made preliminary contact with several di spo sa l f a c i l i t i e s located in
proximity to the Bailey S u p e r f u n d S i t e . These include: the Browning-Ferris Indus t r i e s
(BFI) f a c i l i t y in Anahuac, T e x a s ; the BFI f a c i l i t y near Beaumont, T e x a s ; the Chem
Waste f a c i l i t y in Port Arthur, T e x a s ; and the Chem Waste f a c i l i t y in Lake Charle s ,
Louisiana.

Preliminary contact has been made with each f a c i l i t y to evaluate waste d i spo sa l
requirements, and to assess the likelihood of each f a c i l i t y accepting the N o r t h Marsh
Area waste either with or without pre-di spo sal stabilization. Based on information
gathered from the disposal f a c i l i t i e s , the BFI f a c i l i t y located in Anahuac, Texas appears
to be the most viable candidate for o f f - s i t e d i sposal of the N o r t h Marsh Area waste.
This f a c i l i t y is a Class I industrial waste l a n d f i l l (non-hazardous) and is located
approx imate ly 60 miles (100 km) from the site. In addit ion, the BFI-Anahuac f a c i l i t y
has the capab i l i ty to s tabilize the waste at their f a c i l i t y prior to d i spo sa l in the l a n d f i l l .
T h e r e f o r e , the waste could be stabilized o f f - s i t e (if necessary) provided that the
excavated N o r t h Marsh Area waste can be p r o p e r l y handled and transported without on-
site pre-disposal stabilization.

For planning purpose s , the BFI-Anahuac f a c i l i t y is considered as "preferred" for
di spo sa l of the N o r t h Marsh Area waste. The criteria used to e s tabli sh this pre ference
are:

• waste acceptance criteria;
• distance f rom the si te;
• di sposal costs; and.
• the facility's capabi l i ty to per form waste stabilization.
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5.4.2 Description of Alternative

T h i s alternative involves excavation of the N o r t h Marsh Area waste and d i spo sa l
at an o f f - s i t e f a c i l i t y . Key components of this alternative are as f o l l o w s :

• excavation of N o r t h Marsh Area waste;
• on-site pre-di sposal s tabi l izat ion of excavated materials, if necessary (or pre-

disposal s tabi l ization at the d i spo sa l f a c i l i t y f o l l o w i n g transportation);
• transportation of stabilized materials to the waste di sposal f a c i l i t y ; and
• o f f - s i t e d i s p o s a l .

5.4.3 Economic Considerations
Alternat iv e- sp e c i f i c costs for Alternative 3 are: (i) transportation of stabilized

material to the waste disposal f a c i l i t y ; and (ii) disposal fees . The order of magnitude
cost estimate for al t ernat ive- spec i f i c items only is approximate ly $500,000. T h i s cost
is based on the f o l l o w i n g assumptions:

• 6,000 yd3 (4,600 m3) of material (in-place volume based on 1994 Bid
Schedul e);

• pre-disposal s tabil ization of the excavated material will occur on site (cost
savings will be realized if all or part of the excavated material does not
require pre-disposal s tabil ization; potent ial cost savings may be realized if the
pre-disposal s tabilization occurs at the di sposal f a c i l i t y ) ; and

• 10 percent volume increase when stabilized.
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5.4.4 Other Considerations

The f o l l o w i n g considerations are also relevant for the selection and implementat ion
of Alternat ive 3:

• the N o r t h Marsh Area waste will be removed from the site, therefore long-
term maintenance requirements and costs s p e c i f i c a l l y for the N o r t h Marsh
Area waste may not be necessary;

• this alternative could be executed during the 1995/1996 winter construction
season;

• existing wetlands at the site (Pit A) would not be adversely a f f e c t e d by
construction operations;

• if the wastes are not s tabil ized at the site, the time required for on-
site activities may be reduced; and

• a review of USEPA's nine-point criteria for evaluating remedial alternatives,
as presented in "Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA" [ E P A / 5 4 0 / G - 8 9 / 0 0 4 ] , was performed with
respect to this alternative; based on this review, Alternative 3 would:

achieve and maintain overall protection of human health and the
environment;
p o s s i b l y comply with the site ARARs (this criteria needs fur ther
consideration);
provide long-term e f f e c t i v e n e s s and permanence;
remove the waste from the site, would reduce the mobili ty of the waste
and toxici ty of leachate from the waste (if s tab i l i z ed), and would increase
the volume of the waste (only if pre-disposal stabilization is
necessary); and
po s s i b ly be implemented during the 1995/1996 winter construction
schedule, therefore this alternative provides short-term e f f e c t i v e n e s s .

S t a t e and community acceptance were not evaluated as part of this review.
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6 . W A S T E S T A B I L I Z A T I O N
6.1 Stab i l i za t i on Requirements

Due to the physical and chemical characteristics of the waste, it is assumed that
s tabi l izat ion will be required as a pre-di sposal step for the three alternatives. In the
case of on-site di sposal alternatives (Alternat ive s 1 and 2), stabilization is required to
reduce material handling d i f f i c u l t i e s , and to increase the strength of the material and
therefore its ab i l i ty to support a cap.

In the case of o f f - s i t e d i spo sa l (Alternat ive 3), s tabil ization may be required to
reduce material handling d i f f i c u l t i e s and to assure compliance with paint f i l t e r l iquids
test criteria for land disposal of the waste. Although only two of the six samples of
waste f a i l e d the paint f i l t e r l iquids test, it is l i k e ly that the excavated material will have
a high moisture content and may contain free liquids. T h e r e f o r e , the material may
require s tabi l izat ion as a pre-di sposal process.

6.2 Waste Stabi l izat ion Data
Several previous studies have been performed to evaluate the f ea s i b i l i ty of

s tab i l iz ing the N o r t h Marsh Area waste and other wastes f rom the site. These previous
s tudies include:

• "Stab i l i za t i on Evaluation Report," [HLA, February 1991] - this report, which
was prepared a f t e r complet ion of the FS, expanded on the stabilization study
performed as part of the FS; although this report did not s p e c i f i c a l l y address
the N o r t h Marsh Area waste, the addit ive evaluation presented in the report
provides data that may be used to estimate additive requirements for
s tabilizing N o r t h Marsh Area waste; and

• "Final Report - Laboratory Tes t Result, Treatab i l i ty S t u d y , North Marsh
Area," [ G e o S y n t e c , 8 December 1994] - this report was prepared for
Sevenson Environmental Services, Inc. (SES); SES used the study as the basis
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of their bid for the N o r t h Marsh Area remediation; this work was never
implemented.

Based on the data provided in these reports, s tabil ization of the N o r t h Marsh Area
waste can be achieved with a variety of additives, including: lime kiln dust, cement,
bentonite, and mixtures of these additives. However, pre-disposal s tabil ization of the
excavated N o r t h Marsh Area waste may not be necessary for Alternative 3.
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7. C O N C L U S I O N S
Alternative 3 is considered the most desirable d i spo sa l opt ion f o l l o w i n g an

evaluation of technical, economic, and regulatory considerations and USEPA's nine-
point criteria for evaluating remedial alternatives. Future act ivit ie s for implementing
Alternative 3 include:

• an evaluation of the f o l l o w i n g : (i) time necessary to deve lop the remedial
design, receive regulatory approva l , and negotiate a contract (evaluate
per forming the work during the 1995/1996 winter construction season, if
p o s s i b l e ) ; ( i i ) U S E P A confirmation of the data evaluation presented in this
report so that the N o r t h Marsh Area waste can be di sposed in a Clas s I
industrial l a n d f i l l (non-hazardous); (ii i) opinion of remediation costs; (iv) on-
site or o f f - s i t e pre-disposal s tabi l izat ion; and (v) di spo sal f a c i l i t y se lect ion;
and

• development of a work plan and schedule to execute the elements of the
alternative during the 1995/1996 winter construction season.

GE3913-05/GA951094 21 95.10.06



T A B L E S



T a b l e 1
Summary of S a m p l e Visual Descriptions

S a m p l e
Location

1

2

3

4

5

6

S a m p l e
I d e n t i f i c a t i o n

G - N M - W - 1

G - N M - S - 1

G - N M - W - 2

G - N M - S - 2

G - N M - W - 3 A
and3B

G - N M - S - 3

G - N M - W - 4

G - N M - S - 4

G - N M - W - 5

G - N M - S - 5

G - N M - W - 6

G - N M - S - 6

A p p r o x i m a t e
Water Dep th

2.5 f e e t

2.5 f e e t

2 to 3 f e e t

2 to 3 f e e t

2 to 2.5 fee t

2 to 2.5 f e e t

2.5 f e e t

2.5 f e e t

S a m p l e taken
at water line

2.5 f e e t

2 to 3 inches

2 to 3 inches

S a m p l e Matrix

Waste

S o i l V S e d i m e n t

Was t e

S o i l N S e d i m e n t

Waste

S o i l / S e d i m e n t

Waste

S o i l / S e d i m e n t

Waste

S o i l / S e d i m e n t

Waste

S o i l / S e d i m e n t

S a m p l e Des c ip t i on

Dark gray and black tarry WASTE of gum-
l ik e consistency. S a m p l e contained some
sediment.
Dark brown and gray peaty SILT with
roo t l e t s and some vegetation. S a m p l e was
taken immediate ly below waste in t er face (3"
to 9" below top of waste).
Black tarry WASTE of streaky gum-like
consistency. S a m p l e contained some
sediment.
Dark gray SILT. S a m p l e was taken
immediate ly below waste interface (3" to 8"
below top of waste).
Black viscous o i l - l ik e WASTE (material
was j u s t pourable). Large oily sheen
appeared at surface when material was
dis turbed.
S a m p l e abandoned - waste was too thick and
viscous to retrieve adequate quantity of
s o i l / s e d i m e n t .
Black, very viscous, tarry, o i ly WASTE.
Some o i ly sheen at surface during sampl ing .
Sof t gray s i l t y CLAY. S a m p l e was taken
immediate ly below waste interface (6" to 9"
below top of waste).
Black, tarry, elastic W A S T E with s t i f f ,
a s p h a l t - l i k e consistency.
Gray SILT with rootlet s and some
vegetation. S a m p l e was taken in creek
channel immediate ly adjacent to waste.
Black, tarry, e las t ic W A S T E with s t i f f ,
a s p h a l t - l i k e consistency.
Gray SILT with root l e t s and some
vegetation. S a m p l e was taken i m m e d i a t e l y
adjac en t to waste p i l e .

Wast e T h i c k n e s s

A p p r o x i m a t e l y 3
inches

N / A

A p p r o x i m a t e l y 2
inches

N / A

Estimated at 4 to 6
inches

N / A

A p p r o x i m a t e l y 6
inches

N / A

Waste was p i l e d
f rom l " t o 18" h igh .

N / A

Wast e was p i l e d
f rom 1" to 18" h igh .

N / A



T a b l e 2
Summary of Analys e s

Waste
P r o f i l e -T o t a l

C y a n i d e
T C L P -
M e t a l s

T C L P -
P e s t i c i d e s

S a m p l e I D
mt^^mmmmm^^

G - N M - W - 1
^•BVB^^^MBIflMHHMHM

G - N M - S - 1

M a t r i x / M e t h o d
HM^MMM

Waste
mi^^^^m

S o i l

353.1 6010/7470 6010/7470 8080

G - N M - W - 2
^•••••^^^•^•^•IIBV^H^IHH

G - N M - S - 2
G - N M - W - 3 A
G - N M - S - 3 A

G - N M - W - 3 B
M^V^^HAMfll^^^^^^^^^M

G - N M - S - 3 B

G - N M - W - 4(••••̂^̂•••••••••̂^̂^

G - N M - S - 4•••̂^̂ •̂̂ ^̂ ^̂ ^̂ •̂iv

G - N M - W - 5
^̂ •̂•••••••••̂ MMHM

G - N M - S - 5
^̂ •̂•Wl̂ î̂ B^̂ ^̂ ^̂

G - N M - W - 6
^^^^I^HV^^i^^Bll^iH^VI

G - N M - S - 6

G - N M - R B
^^^^^^^^••I^H^H^IVH

G - N M - F B ( x 2 )
G - N M - T B

Rinse Blank
^••^̂ ^••AM^HHB^̂ H^̂ ^̂

F i e l d Blank
___^HI>M^-«B^K~<l

T r i p Blank

N o t e : S h a d e d areas represent a n a l y s i s p e r f o r m e d on s a m p l e .



T a b l e 2 (cont inued)
Summary of Analys e s

Waste
P r o f i l e -

I g n i t a b i l i t y
Reactive
Cyanide

Reactive
S u l f i d e

Location S a m p l e I D M a t r i x / M e t h o d^^MHBMB

Wast e•̂̂ ^̂M

S o i l
G - N M - W - 1
^̂ •̂̂ •̂••••••••••M^̂

G - N M - S - 1
G - N M - W - 2
Hfl^HIVIHtovlHHIIIiaa^^^^

G - N M - S - 2
G - N M - W - 3 A
^̂ ^̂ ^̂ ^̂ ^̂ •••••M^̂ MHH

G - N M - S - 3 A S a m p l e not
c o l l e c t e d

G - N M - W - 3 B
•̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂••ww

G - N M - S - 3 B S a m p l e not
c o l l e c t ed

G - N M - W - 4
•̂ ^̂ •̂̂ •̂••WMI^̂ ^H

G - N M - S - 4
^̂ ^̂ ^̂ ^̂ ^̂ •̂ ^MM

G - N M - W - 5
•••••••••HttH^^^^^HBHH

G - N M - S - 5••••••••̂•••î^̂^̂ ^̂^

G - N M - W - 6
^^^•••^•••flH îH^^H^I^

G - N M - S - 6

G - N M - F B ( x 2 )

N o t e : S h a d e d areas repre sent a n a l y s i s p e r f o r m e d on s a m p l e .



T a b l e 3
E x i s t i n g A n a l y t i c a l Data for N o r t h Marsh

S a m p l e I D

S a m p l i n g Date
M E T A L S Uni t s
Barium m g / k g
Chromium m g / k g
Copper m g / k g
Lead m g / k g
Nicke l m g / k g
V O L A T I L E O R G A N I C C O M P O U N D S
Benzene m g / k g
1,2-dichloroethane m g / k g
1 ,2-dichloropropane m g / k g
E-benzene m g / k g
Styrene m g / k g
T o l u e n e m g / k g
X y l e n e s m g / k g

G - N M - W - I

IO-Aug-95

9
6
5
5
3

94
1 8

X J 5 0 0
12
11

45
47

G - N M - S - I

I O - A u g - 9 5

234
64
43
64
59

0057
>0005
>0005
0051
>0005
0027
0013

G - N M - W - 2

IO-Aug-95

N A '
N A
N A
N A
N A

N A
N A
N A
N A
N A
N A
N A

G - N M - S - 2

IO-Aug-95

N A
N A
N A
N A
N A

N A
N A
N A
N A
N A
N A
N A

G - N M - W - 3 A

IO-Aug-95

10
4
4
7
2

21
16
1

31
51
15
15

G - N M - W - 3 B

I O - A u g - 9 3

9
I I
9
5
2

13
97

064
18
30
89
96

C - N M - W - 4

I O - A u g - 9 5

N A
N A
N A
N A
N A

N A
N A
N A
N A
N A
N A
N A

G - N M - S - 4

IO-Aug-95

N A
N A
N A
N A
N A

N A
N A
N A
N A
N A
N A
N A

G - N M - W - 5

I O - A u g - 9 S

N A
N A
N A
N A
N A

N A
N A
N A
N A
N A
N A
N A

G - N M - W - 6

IO-Aug-95

91
I S
6
12
1

>0500
>0500
>0500
>0500
>0500
>0500
r-0500

G - N M - S - 6

I O - A u g - 9 5

150
12
6

20
2

XI 005
>0005
XI 005
X1005
X) 005
XI 005
X) 005

B (black
waste)

Nov-93

8
6

N A
ND 1

N A

33
ND
N D
16
10

36
42

B-Dup

Nov-93

122
4

N A
10

N A

017
N D
N D
07
N D
01
016

A (red
waste)

Nov-93

9 1
17

N A
ND
N A

33
N D
21
62
73
22
41

A - D u p

Nov-93

88
16

N A
N D
N A

.
44

N D
27
80
110
29
54

A l 1

Nov-93

N A
N A
N A
N A
N A

75
45

NO
120
150

N D
74

A I - D u p '

Nov-93

N A
N A
N A
N A
N A

60
41

N D
94
120
N D
56

B l ' B I - D u p '

Nov-93 Nov-93

N A N A
N A N A
N A N A
N A N A
N A N A

17 22
28 ND
N D N D
56 77
46 56

N D N D
34 41

S E M I V O L A T I L E O R G A N I C C O M P O U N D S
Anthracene m g / k g
di-n-Butyl Phtha la t e m g / k g
2-Methyl N a p h t h a l e n e m g / k g
N a p h t h a l e n e m g / k g
Phenanlhrene m g / k g
T C L P - M E T A L S
Barium mg/L
Lead mg/L
T C L P - O R G A N I C C O M P O U N D S
Benzene mg/L
Cresol mg/L
1,2-dichloroethane mg/L

M I S C E L L A N E O U S
Chlorides m g / k g
Corrosivity Standard Uni t s
Cyanide, Total m g / k g
Cyanide, Reactive m g / k g
F l u o r i d e m g / k g
I g n i t a b i l i t y Fahrenheit
Oil and Grease m g / k g
Paint F i l l e r P a s s / F a i l
p l l Standard U n i t s
Pour Point Fahrenhe i t
S u l f a l e s p p m
S u l f i d e s , Reactive m g / k g
TOC i n g / k g
T P I I i n g / k g

2 2 9 J
>0990
361 J

7 3 J
3 7 2 J

014
> O O I 5

O i l
0017
005

N A
62

0065
<25
3 1 4
>210

N A
F a i l
N A
N A
N A
<30
N A
N A

>0990
691

>0990
X I 9 9 0
>0990

N A
N A

N A
N A
N A

N A
N A

>0025
N A
136
N A
N A

Pus
N A
N A
N A
N A
N A
N A

N A
N A
N A
N A
N A

066
X ) O I 5

024
0066
032

N A
56

N A
<25
N A

>2IO
N A
F i l l
N A
N A
N A
<30
N A
N A

N A
N A
N A
N A
N A

N A
N A

N A
N A
N A

N A
N A
N A
<25
N A
N A
N A

Piss
N A
N A
N A •
N A
N A
N A

>19i
> I 9 I
177
349

>19«

1
XI 015

»M
X>50
0.71

N A
54

0194
<25
204

>2IO
N A

Pass
N A
N A
N A
<30
N A
N A

> I 9 8
> I 9 8
179
344

> I 9 8

086
014

048
>050

0.6

N A
5 5

0244
N A
1 3 9

> 2 I O
N A
N A
N A
N A
N A
<30
N A
N A

N A
N A
N A
N A
N A

066
> O O I S

0.24
>050
021

N A
54

N A
<25
N A

>2IO
N A

Pass
N A
N A
N A
<30
N A
N A

N A
N A
N A
N A
N A

N A
N A

N A
N A
N A

N A
N A
N A
N A
N A
N A
N A

Piss
N A
N A
N A
N A
N A
N A

N A
N A
N A
N A
N A

047
X I O I 5

X D O I
X}050

X ) O I

N A
67
N A
<25
N A

>210
N A

Piss
N A
N A
N A
<30
N A
N A

>990
>990
>990
>990
>990

063
> O O I 5

*>010
X I O S O
X J O I O

N A
71

>0025
<25
387
> 2 I O

N A
Pus
N A
N A
N A
<)0
N A
N A

>990
>990
>990
>990
>990

N A
N A

N A
N A
N A

N A
N A

XI 025
N A
274
N A
N A
N A
N A
N A
N A
N A
N A
N A

N D
N D
N D
200
ND

N A
N A

N A
N A
N A

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

N D
N D
N D
N D
N D

N A
N A

N A
N A
N A

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

ND
N D
N D
220
N D

N A
N A

N A
N A
N A

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

N D
N D
N D
200
N D

N A
N A

N A
N A
N A

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

N D
N D
200
310
N D

ND
N D

N A
N A
N A

800
N A
N A
N A
N A
N A
160

N A
704

75
7J

N A
N D
I S O

N D
N D
N D
200
N D

ND
N D

N A
N A
N A

790
N A
N A
N A
N A
N A
82

N A
697

N A
74

N\
N D
80

N D N D
N D N D
N D N D
N D N D
N D N D

ND ND
ND ND

N A N A
N A N A
N A N A

2230 2230
N A N A
N A N A
N A N A
N A N A
N A N A
86 IS

N A N A
6 9 5 6 9 5

90 NA
163 140

N A N A
56 57
J6 69

' - I n f o n n a t i o n could not be found r c g a i d i n g the locat ion of the sample s
2 - NA - Not A n a l y z e d
1 - ND - Not D e t e c t e d



Parameter

T a b l e 4
Summary of Analytical Data for North Marsh

A p p l i c a b l e Maximum M i n i m u m A v e r a g e T o t a l
U n i t s Regulatory V a l u e V a l u e V a l u e S a m p l e s

V a l u e ( m g / k g ) ( m g / k g ) ( m g / k g ) ( m g / k g )

M E T A L S
Barium
Chromium
C o p p e r
Lead
N i c k e l
V O L A T I L E O R G A N I C C O M P O U N D S
Benzene
1,2-Dichloroethane
1,2-Dichloropropane
Ethylbenzene
Styrene
T o l u e n e
X y l e n e s
S E M I V O L A T I L E O R G A N I C C O M P O U N D S
Anthracene
di-n-Butyl Phthalate
2 - M e t h y l n a p h t h a l e n e
N a p h t h a l e n e
Phenanthrene
T C L P - M E T A L S
Barium
Lead
T C L P - O R G A N I C S
Benzene
Cresol
1,2-Dichloroethane
M I S C E L L A N E O U S
C h l o r i d e s
Corros ivi ty
Cyanide, Reactive
Cyanide, Total
F l u o r i d e
I g n i t a b i l i t y
Oil and Grease
P H

Pour Point
S u l f a t e s
S u l f i d e s , Reactive
TOC
T P H

1 - Univer sa l treatment standard (LDR) set in 40 CFR 268.48
2 - T o x i c i t y characteristic level set in 40 CFR 261.24
3 - Not A p p l i c a b l e

m g / k g
m g / k g
m g / k g
m g / k g
m g / k g

m g / k g
m g / k g
m g / k g
m g / k g
mg/kg
m g / k g
m g / k g

m g / k g
m g / k g
m g / k g
m g / k g
mg/kg

mg/L
mg/L

mg/L
mg/L
mg/L

m g / k g
Standard U n i t s

mg/kg
mg/kg
m g / k g

Fahrenheit
m g / k g

Standard Uni t s
Fahrenhei t

ppm
m g / k g
m g / k g
mg/kg

N A J

N A
N A
N A
N A

10 m g / k g 1

6 m g / k g 1

18 m g / k g 1

10 m g / k g 1

NA
10 m g / k g 1

30 m g / k g 1

3. 4 m g / k g 1

28 m g / k g 1

N A
5.6 m g / k g 1

5.6 m g / k g 1

100 m g / L 2

5 m g / L 2

0.5 m g / L 2

200 m g / L 2

0.5 m g / L 2

N A
N A
N A
NA
N A
N A
N A
N A
N A
N A
N A
N A
NA

150.00
17.00
9.00

20.00
5.90

75.00
45.00
27.00
120.00
150.00
29.00
74.00

0.00
6.98

200.00
349.00
0.00

1.00
0.14

0.56
0.09
0.72

2,230.00
7.10
0.00
0.24
38.70

210.00
160.00
7.04

90.00
163.00
0.00
57.00
150.00

8.00
4.00
4.00
0.00
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

790.00
5.40
0.00
0.00
13.60

210.00
82.00
6.95

75.00
73.00
0.00
0.00
36.00

33.75
9.74
5.72
6.54
2.65

19.58
8.31
3.55

35.53
43.47
5.94

21.20

0.00
0.50

39.71
130.21
0.00

0.47
0.01

0.23
0.02
0.27

1,512.50
5.99
0.00
0.08

24.23
210.00
103.25
6.98

82.50
112.50
0.00

28.25
83.75

10
10
6
10
6

14
14
14
14
14
14
14

14
14
14
14
14

11
11

7
7
7

4
7
7
6
6
7
4
4
2
4
7
4
4
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LABORATORY T E S T R E S U L T S

(Bound S e p a r a t e l y )
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N O R T H M A R S H W A S T E A N D S E D I M E N T S A M P L I N G L O C A T I O N S
S U P P L E M E N T A L S I T E I N V E S T I G A T I O N - N O R T H M A R S H A R E A

B A I L E Y S U P E R F U N D S I T E

G - N M 3 G - N M 5
G - N M 1

L E G E N D
G — N M 6 ' D E S I G N A T I O N A N D A P P R O X I M A T E L O C A T I O N O F W A S T E A N D S E D I M E N T S A M P L E S

B A S E M A t - P R E P A R E D B Y H A R D I N C L A W S O N A S S O C I A T E S . H O U S T O N . T E X A S .

G E O S Y N T E C C O N S U L T A N T S
A T L A N T A , G A

P R O J E C T N O . G A 3 9 1 3 - 0 4
D O C U M E N T N O . G A 9 5 1 0 9 4

F I G U R E N O . F I G U R E 1
F I L E N O . 3913F002
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T A B L E 9-1. B A S I C S T A T I S T I C A L T E R M I N O L O G Y A P P L I C A B L E T O S A M P L I N G P L A N S F O R S O L I D W A S T E S
T e r m i n o l o g y Symbo l M a t h e m a t i c a l equa t i on ( E q u a t i o n )
V a r i a b l e ( e . g . , bariumor e n d r l n )
I n d i v i d u a l measuremento f v a r i a b l e

Mean o f a l l p o s s i b l emeasurements o f v a r i a b l e( p o p u l a t i o n mean)
Mean of measurementsgenerated by s a m p l e( s a m p l e mean)

NC
w i t h N « number ofp o s s i b l e measurements

S i m p l e random s a m p l i n g a n ds y s t e m a t l c random s a m p l 1 n g
nE >1*1n w i t h n * number ofs a n i p l e measurements

( 1 )

( 2 a )

S t r a t i f i e d random s a m p l i n g
x » rE Vk-1 w i t h x|( * s tratum (2b)mean and W^ » frac-t i o n o f p o p u l a t i o nrepresented by Stra tumk (number of s trata[k] range from 1 to r)

V a r i a n c e o f s a m p l e S i m p l e random s a m p l i n g a n ds y s t e m a t i c random s a m p l i n gn , n ,E x? - (E x/2'>2-li4^ M ' ( 3 a )
S t r a t i f i e d random s a m p l i n g

E wYs?k«l * * , with sr » stratum (3b)variance and W k •f r a c t i o n o f p o p u l a t i o nrepresent by Stra tum k(number of strata [k]ranges f rom 1 to r)

N I N E - 2 R e v i s i o n 0Date S e p t e m b e r 1986



T A B L E 9-1. ( C o n t i n u e d )
^^MWVMHM^^^VBW^

T e r m i n o l o g y Symbol M a t h e m a t i c a l equat ion ( E q u a t i o n )

S t a n d a r d d e v i a t i o n o fs a m p l e
S t a n d a r d error( a l s o s t a n d a r d errorof mean and s tandardd e v i a t i o n of mean)o f s a m p l e

sx s- • •̂ ~x J n

( 4 )
( 5 )

C o n f i d e n c e I n t e r v a lfor * C I CI - T + t.20 ST, w i th t.20obtained f r omT a b l e 2 f o ra p p r o p r i a t edegrees of freedom

( 6 )

R e g u l a t o r y t h r e s h o l d * RT D e f i n e d by EPA (e .g . , 100 ppm for (7)barium 1n e l u t r i a t e of EP t o x l d t y )

A p p r o p r i a t e number ofs a m p l e s t o c o l l e c t f roma s o l i d waste ( f i n a n c i a lc o n s t r a i n t s not c o n s i d e r e d )

' . 2 0 , wi th A - RT - x (8)

• Degrees of f r e edom d f df « n - 1 (9)
S q u a r e root t r a n s f o r m a t i o n X 1 + 1 / 2 (10)
A r c s l n t r a n s f o r m a t i o n A r c s l n p ; I f necessary, r e f e r t o a n y ( 1 1 )text on basic s t a t i s t i c s ;measurements must be con-verted to percentages (p)

a T h e upper l i m i t o f t h e CI f or p Is compared wi th th e a p p l i c a b l e regulatorythre sho ld (RT) to determine 1f a s o l id waste contains the variable (chemicalc o n t a m i n a n t ) of concern at a hazardous l e v e l . The contaminant of concern 1s notconsidered to be present 1n the waste at a hazardous level 1f the upper l i m i t of the CI1s l e s s than th e a p p l i c a b l e RT. Otherwise, th e o p p o s i t e conclus ion Is reached.

NINE - 3 RevisionDate Sect' r 1986
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Worksheet 1

The purpose of th i s worksheet is to assist in evaluating d i spo sa l op t i ons for a given waste based on the toxic i ty
hazard characteristic. It w i l l also evaluate whether the set of data can be a p p r o x i m a t e d by the normal d i s t r i b u t i o n .

AreaName
Data
( m g / L )

N o r t h Marsh
Benzene

0.01
0.01
0.11
0.24
0.24
0.56

N u m b e r o f S a m p l e Point sAverage of Results
VarianceS t a n d a r d Deviation
S t a n d a r d Error
T a b u l a t e d "t" value
U p p e r C o n f i d e n c e I n t e r v a lRegulatory Level ( m g / L )Number of samples needed
"W" value
T a b u l a t e d "W" value
H a z a r d o u s by T o x i c i t y ?N o r m a l l y Dis tr ibu t ed?

n
x-bar

ŝ
s

Sx-bar
to.20U C I
RTn 1

W
W v a l

6
0.20
0.04
0.21
0.08

1.4760
0.32
0.50
1.00
0.87

0.7130
NO

Y E S

N u m b e r o f S a m p l e Point s
Average of Resul t s
T a b u l a t e d "t" value
U p p e r C o n f i d e n c e I n t e r v a lRegulatory Level
N u m b e r of s ampl e s needed
"W" value
T a b u l a t e d "W" value
H a z a r d o u s by T o x i c i t y ?
N o r m a l l y D i s t r i b u t e d ?

nx-bar
*0.20U C I
RT
n 1

Wwval

Total number of s ampl e po in t s in data set
Sum of re sul t s d i v i d e d by n
Taken from Chapt er 9, SW-846 (80% con f id enc e)
U p p e r l i m i t of true mean with 80% c o n f i d e n c e
Taken f rom 40 CFR 268.42Total sampl e s to be col lected f rom the wasteI n d i c a t o r f or d e t e rminat i on o f normal d i s t r i b u t i o n
Taken from G i l b e r t , 1987
H a z a r d o u s i f R T < U C I
N o r m a l i f W>W v a l

Bail ey S u p e r f u n d S i t e
G E 3 9 1 3

6 October 1995
S T A T B L Y . X L 1



Worksheet 2

The purpo s e of th i s worksheet is to assist in e v a l u a t i n g d i s p o s a l o p t i o n s for a given waste based on the t o x i c i t y
hazard characteris t ic. It will also evaluate whether the set of data can be a p p r o x i m a t e d by the normal d i s t r i b u t i o n .

AreaN a m e
Data
( m g / L )

N o r t h Marsh1 ,2-dichloroethane
0.01
0.01
0.05
0.21
0.32
0.72

N u m b e r o f S a m p l e P o i n t sAverage of Resul t s
Variance
S t a n d a r d Deviation
S t a n d a r d Error
T a b u l a t e d "t" value
U p p e r C o n f i d e n c e I n t e r v a lRegula tory Level ( m g / L )
N u m b e r of s a m p l e s needed
"W" value
T a b u l a t e d "W" value
H a z a r d o u s by T o x i c i t y ?N o r m a l l y Distributed?

n
x-bar

ŝ
s

^x-bar
td.20
U C I
RT

n'
Wwval

6
0.22
0.08
0.27
0.11

1.4760
0.39
0.50
2.10
0.82

0.7130
N O

Y E S

N u m b e r o f S a m p l e Poin t s
Average of Result s
T a b u l a t e d "t" value
U p p e r C o n f i d e n c e I n t e r v a l
Regulatory LevelN u m b e r o f s a m p l e s needed
"W value
T a b u l a t e d "W" value
Hazardou s by T o x i c i t y ?
N o r m a l l y Di s t r i bu t ed?

n
x-bar

to.20
U C I
RTn 1

Wwval

T o t a l number of s a m p l e po int s in data set
Sum of results d iv id ed by n
Taken from C h a p t e r 9, SW-846 (80% c o n f i d e n c e )
U p p e r limit of true mean with 80% c o n f i d e n c e
Taken from 40 CFR 268.42Total s ampl e s to be co l l e c t ed from the waste
I n d i c a t o r for determination of normal d i s t r i bu t i on
T a k e n f rom G i l b e r t , 1 987
Hazardou s i f RT<UCI
N o r m a l i f W>W v a l

B a i l e y S u p e r f u n d S i t e
G E 3 9 1 3

6 October 1995
S T A T B L Y . X L 1
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ĝ

jinn3
53
>.
5

•0

o
•-n
>r



G E O S Y N T E C C O N S U L T A N T S Page / / o f

Written by:_ Date: ^6> ) I 15" Reviewed by:
Y Y M M D D

Client: P S» ^ C-___Project: DOU \ PM *> u^Dejrt-^t <f\d- Pro j e c t /Propo sa l No.:

Date: f t , I / / /?Y Y M M D D

T a s k No.:_

\
i • i • i • i - i • i- i • i -i -i • i-i •

/S ) C M )
f r o »

f

/^? I X
ooo 1o>'-2.0. q 60



Written bv: M A Date:^6 / I / I 5 Reviewed by:
Y Y M M D O

Date: I / ?

Client: 13 S S C, Project: IB '̂ \-ey *~>v&/jr t-.j irteL P r o j e c t / P r o p o s a l No.: <
Y Y M M D D

>3 Task No.:_^8__

o-f- Laf\dfi //

(J. 5". E

N o

x ,' p.A



G E O S Y N T E C C O N S U L T A N T S p ^ e / 5 0 f _ / j ?
Written by: _____ M A / T ~ _______ Date: 3 6 1 / / 7 Reviewed by: _____ ^ ______ Date: ?<•/ / IY Y M M D O ^ Y Y M M D O

Client: P. ^>^ Project: "Bgul- f t^ ^^^-^4. Proiec l /Proposal No.: ^ ^ ~ < f / J Task No.: ^ ^

H-ELP frto&zL OUTPUT
ORD s Run<5 I; 2, 3, £, 7,
PRA : R u n s 4 5" a^ d



******************

H Y D R O L O G I C E V A L U A T I O N O F L A N D F I L L , P E R F O R M A N C E
H E L P MODEL V E R S I O N 3.03 ( 3 1 D E C E M B E R 1 9 9 4 )D E V E L O P E D BY ENVIRONMENTAL LABORATORY

U S A E W A T E R W A Y S E X P E R I M E N T S T A T I O N
F O R U S E P A R I S K R E D U C T I O N E N G I N E E R I N G LABORATORY

******
**
******
****

P R E C I P I T A T I O N D A T A F I L E :
T E M P E R A T U R E D A T A F I L E :
S O L A R R A D I A T I O N D A T A F I L E :
E V A P O T R A N S P I R A T I O N D A T A :
S O I L A N D D E S I G N D A T A F I L E :
O U T P U T D A T A F I L E :

C : \ H E L P 3 \ B A I L E Y 1 . D 4C : \ H E L P 3 \ B A I L E Y 1 . D 7
C : \ H E L P 3 \ B A I L E Y 1 . D 1 3C : \ H E L P 3 \ B A I L E Y 1 . D l l
C : \ H E L P 3 \ B A I L E Y 1 . D 1 0
C : \ H E L P 3 \ B A I L E Y 1 . O U T

T I M E : 15:55 D A T E : 1 1 / 2 8 / 1 9 9 5

T I T L E : B A I L E Y S U P E R F U N D S I T E , O R A N G E C O U N T Y , T X , O R I G . R E M E D Y , R U N 1

N O T E : I N I T I A L M O I S T U R E C O N T E N T O F T H E L A Y E R S A N D S N O W W A T E R
WERE S P E C I F I E D B Y T H E U S E R .

L A Y E R 1

T Y P E 1 - V E R T I C A L P E R C O L A T I O N L A Y E RM A T E R I A L T E X T U R E N U M B E R 8T H I C K N E S SP O R O S I T Y
F I E L D C A P A C I T Y
W I L T I N G P O I N T
I N I T I A L S O I L W A T E R C O N T E N T
E F F E C T I V E S A T . H Y D . C O N D .

6.00 I N C H E S
0.4630 V O L / V O L
0.2320 V O L / V O L0.1160 V O L / V O L0.2320 V O L / V O L

= 0 . 3 6 9 9 9 9 9 9 4 0 0 0 E - 0 3 C M / S E C
N O T E : S A T U R A T E D H Y D R A U L I C C O N D U C T I V I T Y I S M U L T I P L I E D B Y 4.63

FOR ROOT CHANNELS IN TOP HALF OF E V A P O R A T I V E Z O N E .



L A Y E R 2

T Y P E 1 - V E R T I C A L P E R C O L A T I O N L A Y E RM A T E R I A L T E X T U R E N U M B E R 0
T H I C K N E S S
P O R O S I T YF I E L D C A P A C I T Y

W I L T I N G P O I N TI N I T I A L S O I L W A T E R C O N T E N TE F F E C T I V E S A T . H Y D . C O N D .

30.00 I N C H E S0.4370 V O L / V O L
0.3730 V O L / V 3 L0.2660 V O L / V O L
0.3730 V O L / V O L

0.100000001000E-06 C M / S E C

L A Y E R f i r )
T Y P E 1 - V E R T I C A L P E R C O L A T I O N L A Y E RM A T E R I A L T E X T U R E NUMBER 25

T H I C K N E S SP O R O S I T YF I E L D C A P A C I T Y
W I L T I N G P O I N TI N I T I A L S O I L W A T E R C O N T E N T
E F F E C T I V E S A T . H Y D . C O N D .

24.00 I N C H E S0.4370 V O L / V O L0.3730 V O L / V O L
0.2660 V O L / V O L0.3730 V O L / V O L

0 . 3 5 9 9 9 9 9 9 0 0 0 0 E - 05 C M / S E C

L A Y E R 4

T Y P E 1 - V E R T I C A L P E R C O L A T I O N L A Y E R
M A T E R I A L T E X T U R E N U M B E R 0

T H I C K N E S S
P O R O S I T Y
F I E L D C A P A C I T Y

W I L T I N G P O I N T
I N I T I A L S O I L W A T E R C O N T E N T
E F F E C T I V E S A T . H Y D . C O N D .

60.00 I N C H E S
0.5400 V O L / V O L
0.4300 V O L / V O L0.2000 V O L / V O L
0.4300 V O L / V O L0 . 9 9 9 9 9 9 9 9 7 0 0 0 E - 0 6 C M / S E C

G E N E R A L D E S I G N A N D E V A P O R A T I V E Z O N E D A T A

N O T E : S C S R U N O F F CURVE N U M B E R W ^ C O M P U T E D FROM D E F A U L T
S O I L D A T A BASE U S I N G S O I L T E X T U R E t t 8 W I T H A
GOOD S T A N D O F G R A S S , A S U R F A C E S L O P E O F 3 . %A N D A S L O P E L E N G T H O F 7 5 . F E E T .

S C S R U N O F F CURVE N U M B E R
F R A C T I O N O F AREA A L L O W I N G R U N O F F
AREA P R O J E C T E D O N H O R I Z O N T A L P L A N E
E V A P O R A T I V E ZONE D E P T H
I N I T I A L W A T E R I N E V A P O R A T I V E ZONE

74.80100.01.000
30.010.344

P E R C E N T
ACRES
I N C H E S
I N C H E S



U P P E R L I M I T O F E V A P O R A T I V E S T O R A G E =LOWER L I M I T O F E V A P O R A T I V E S T O R A G E =
I N I T I A L S N O W W A T E RI N I T I A L W A T E R I N L A Y E R M A T E R I A L S
T O T A L I N I T I A L W A T E R
T O T A L S U B S U R F A C E I N F L O W

13.266 I N C H E S7.080 I N C H E S
0.000 I N C H E S47.334 I N C H E S

47.334 I N C H E S
0.00 I N C H E S / Y E A R

E V A P O T R A N S P I R A T I O N A N D W E A T H E R D A T A

N O T E : E V A P O T R A N S P I R A T I O N D A T A W A S O B T A I N E D FROM
L A K E C H A R L E S L O U I S I A N A

I

MAXIMUM LEAF AREA I N D E X - 3.50S T A R T O F G R O W I N G S E A S O N ( J U L I A N D A T E ) = 3 2
E N D O F G R O W I N G S E A S O N ( J U L I A N D A T E ) = 3 6 1
A V E R A G E A N N U A L W I N D S P E E D = 8.70 M P HA V E R A G E 1 S T Q U A R T E R R E L A T I V E H U M I D I T Y = 77.00 *
A V E R A G E 2 N D Q U A R T E R R E L A T I V E H U M I D I T Y = 77.00 %A V E R A G E 3RD Q U A R T E R R E L A T I V E HUMIDITY = 80.00 %
A V E R A G E 4 T H Q U A R T E R R E L A T I V E H U M I D I T Y = 78.00 %

f o r

N O T E

J A N / J U L
4.185.37

P R E C I P I T A T I O N D A T A W A S S Y N T H E T I C A L L Y G E N E R A T E D U S I N G
C O E F F I C I E N T S F O R G A L V E S T O N T E X A S
N O R M A L M E A N M O N T H L Y P R E C I P I T A T I O N ( I N C H E S )

F E B / A U G M A R / S E P A P R / O C T M A Y / N O V J U N / D E C ) ^ 0 ^ .
3.71
5.45 2.936.13 4.053 . 6 3

4.50
4.33

3.96
4.55 Tx-

N O T E : T E M P E R A T U R E D A T A W A S S Y N T H E T I C A L L Y G E N E R A T E D U S I N G
C O E F F I C I E N T S F O R L A K E C H A R L E S L O U I S I A N A «

NORMAL MEAN M O N T H L Y T E M P E R A T U R E ( D E G R E E S F A H R E N H E I T )
J A N / J U L F E B / A U G M A R / S E P A P R / O C T M A Y / N O V

51.9083.10
54.90
82.80 61.4079.20 69.00

70.20
75 .6060.60

81.20 /
54.70 J

N O T E : S O L A R R A D I A T I O N D A T A W A S S Y N T H E T I C A L L Y G E N E R A T E D U S I N G
C O E F F I C I E N T S F O R L A K E C H A R L E S L O U I S I A N A * .

S T A T I O N L A T I T U D E 29.40 DEGREES

******



A N N U A L T O T A L S F O R Y E A R

P R E C I P I T A T I O N
R U N O F F
E V A P O T R A N S P IRATION
P E R C . / L E A K A G E T H R O U G H L A Y E R 4
C H A N G E I N W A T E R S T O R A G E
S O I L WATER AT START OF YEAR
S O I L W A T E R AT END OF Y E A R
SNOW W A T E R AT START OF YEAR
SNOW W A T E R AT END OF YEAR
A N N U A L W A T E R BUDGET B A L A N C E

***************************************i

***************************************1
A N N U A L T O T A L S

P R E C I P I T A T I O N
R U N O F F
E V A P O T R A N S P I R A T I O N
PERC. / L E A K A G E T H R O U G H LAYER 4
C H A N G E I N W A T E R S T O R A G E
S O I L W A T E R A T S T A R T O F Y E A R
S O I L W A T E R AT END OF YEAR
SNOW WATER AT START OF Y E A R
SNOW WATER AT END OF Y E A R
A N N U A L W A T E R BUDGET B A L A N C E

I N C H E S
41.95
14.545
28.859

0 . 6 9 8 0 5 6
-2.153
47.334
45.181

0.000
0.000
0.0000

t**************i

lf**************i

FOR Y E A R 2
I N C H E S

57.45
26.097
32. 34

0.522178
-1.863
45.181
43.318

0.000
0.000
0.0000

CU . FEET
1 5 2 2 7 8 . 5 3 1

5 2 7 9 9 . 4 4 9
104759.250

253 943
-7814.171

171822.141
164007 .969

0.000
0.000
0.063

**************

**************

C U . F E E T
208543.469

9 4 7 3 3 . 5 2 3
118678.844

1895.507
- 6 7 6 4 . 3 7 5

164007 .969
157243.594

0.000
0.000

-0.040

PERCENT
100.00

34.67
68.79

1.66
-5.13

0.00
0.00
0.00

*********

***********

P E R C E N T
100.00

45.43
56.91

0.91
-3.24

0.00
0.00
0.00



A N N U A L T O T A L S F O R Y E A R
I N C H E S

50.03
18.170
29.732

0.422371
1.706

43.318
45.024

0.000
0.000

P R E C I P I T A T I O N
R U N O F F
E V A P O T R A N S P I R A T I O N
P E R C . / L E A K A G E T H R O U G H L A Y E R 4
C H A N G E I N W A T E R S T O R A G E
S O I L W A T E R A T S T A R T O F Y E A R
S O I L W A T E R A T E N D O F YEAR
SNOW WATER AT START OF Y E A R
S N O W W A T E R AT END OF Y E A R
A N N U A L W A T E R BUDGET B A L A N C E 0.0000

C U . F E E T
181608.906

6 5 9 5 5 . 6 0 9
107925.906

1533.206
6194.225

1 5 7 2 4 3 . 5 9 4
163437.812

0.000
0.000

-0.041

P E R C E N T
100.00

36.32
59.43

0.84
3.41

0.00
0.00
0.00

A N N U A L T O T A L S F O R Y E A R
I N C H E S

46.11
1 5 . 3 6 6
3 0 . 3 9 2

0 . 3 6 2 2 7 7
-0.010
45.024
45.014

0.000
0.000
0.0000

P R E C I P I T A T I O N
R U N O F F
E V A P O T R A N S P I R A T I O N
P E R C . / L E A K A G E T H R O U G H L A Y E R 4
C H A N G E I N W A T E R S T O R A G E
S O I L W A T E R A T S T A R T O F Y E A R
S O I L W A T E R A T E N D O F Y E A R
S N O W W A T E R A T S T A R T O F Y E A R
SNOW W A T E R AT END OF Y E A R
A N N U A L W A T E R BUDGET B A L A N C E

C U . F E E T
1 6 7 3 7 9 . 3 1 2

5 5 7 7 7 . 9 6 5
110323 .398

1315.067
-37.097

163437.812
163400.719

0.000
0.000

-0.015

PERCENT
100.00

3 3 . 3 2
65 .91

0.79
-0.02

0.00
0.00
0.00



A N N U A L T O T A L S F O R Y E A R
I N C H E S

3 5 . 3 8
7.882

27.470
0 . 3 1 5 2 6 6

-0.287
45.014
44.727

0.000
0.000
0.0000

P R E C I P I T A T I O N
R U N O F F
E V A P O T R A N S P I R A T I O N
P E R C . / L E A K A G E T H R O U G H L A Y E R 4
C H A N G E I N W A T E R S T O R A G E
S O I L W A T E R A T S T A R T O F Y E A R
S O I L W A T E R A T E N D O F Y E A R
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR
A N N U A L W A T E R BUDGET B A L A N C E

C U . F E E T
128429.406

28612.070
99715.133

1144.417
-1042.193

163400.719
1 6 2 3 5 8 . 5 3 1

0.000
0.000

-0.025

P E R C E N T
100.00

22.28
77.64

0.89
-0.81

0.00
o.oa
0.00

A N N U A L T O T A L S F O R Y E A R
I N C H E S

55 .19
20.711
34 .956

0.278915
-0.756
44.727
43.971

0.000
0.000
0.0000

P R E C I P I T A T I O N
R U N O F F
E V A P O T R A N S P I R A T I O N
P E R C . / L E A K A G E T H R O U G H L A Y E R 4
C H A N G E I N W A T E R S T O R A G E
S O I L W A T E R A T S T A R T O F Y E A R
S O I L W A T E R A T E N D O F Y E A R
SNOW WATER AT START OF Y E A R
SNOW WATER AT END OF Y E A R
A N N U A L W A T E R BUDGET B A L A N C E

C U . F E E T
2 0 0 3 3 9 . 6 8 7

75181.648
126890.711

1012.462
-2745.182

1 6 2 3 5 8 . 5 3 1
159613 .344

0.000
0.000
0.042

P E R C E N T
100.00

37.53
63.34

0.51
-1.37

O . O C
0.00
0.00



A N N U A L T O T A L S F O R Y E A R

P R E C I P I T A T I O N
R U N O F F
E V A P O T R A N S P I R A T I O N
P E R C . / L E A K A G E T H R O U G H L A Y E R 4
C H A N G E I N W A T E R S T O R A G E
S O I L W A T E R A T S T A R T O F YEAR
S O I L W A T E R AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF Y E A R
A N N U A L W A T E R BUDGET B A L A N C E

I N C H E S
63.94
28.973
34.413

0 . 2 5 0 8 6 6
0.303

43.971
44.274
0.000
0.000
0.0000

CU. F E E T
232102.141
105171.062
124919.891

910.644
1100.587

159613.344
160713.937

0.000
0.000

-0.042

PERCENT
100.00

45.31
5 3 . 8 2

0.39
0.47

0.00
0.00
0.00

A N N U A L T O T A L S F O R YEAR
I N C H E S

53.00
26.686
26.342

0 .228305
-0.257
44.274
44.017

0.000
0.000

P R E C I P I T A T I O N
R U N O F F
E V A P O T R A N S P I R A T I O N
P E R C . / L E A K A G E T H R O U G H LAYER" 4
C H A N G E I N W A T E R S T O R A G E
S O I L W A T E R A T S T A R T O F Y E A R
S O I L W A T E R AT END OF YEAR
S N O W W A T E R A T S T A R T O F Y E A R
SNOW WATER AT END OF Y E A R

C U . F E E T
192390.031

96871.367
9 5 6 2 1 . 6 1 7

828.746
-931.761

160713.937
159782.172

0.000
0.000

P E R C E N T
100.00

50.35
49.70

0.43
-0.48

0.00
0.00



A N N U A L W A T E R E M D G E T B A L A N C E 0.0000 0.059 0.00

A N N U A L T O T A L S

P R E C I P I T A T I O N
RW.-.FP
E V £ , - O T R A N S P I R A T I O N
P E R C . / L E A K A G E T H R O U G H L A Y E R 4
C H A N G E I N W A T E R S T O R A G E
S O I L W A T E R A T S T A R T O F Y E A R
S O I L WATER AT END OF YEAR
SNOW WATER AT START OF Y E A R
S N O W W A T E R AT END OF Y E A R
A N N U A L W A T E R BUDGET B A L A N C E

****************************************

****************************************
A N N U A L T O T A L S

P R E C I P I T A T I O N
R U N O F F
E V A P O T R A N S P I R A T I O N
P E R C . / L E A K A G E T H R O U G H L A Y E R 4
C H A N G E I N W A T E R S T O R A G E
S O I L W A T E R A T S T A R T O F Y E A R
S O I L W A T E R A T E N D O F Y E A R
S N O W W A T E R A T S T A R T O F Y E A R

•

FOR Y E A R 9
I N C H E S

49.58
18.368
31.579

0.208655
-0.576
44.017
43.442

0.000
0.000
0.0000

f**************i

F**************1

FOR Y E A R 10
I N C H E S

57.17
25.741
30 .924

0.192582
0.313

43.442
43.754

0.000

C U . F E E T
179975.422

6 6 6 7 4 . 1 5 6
114632.961

757.417
- 2 0 8 9 . 2 0 5

159782.172
1 5 7 6 9 2 . 9 6 9

0.000
0.000
0.088

**************

I T * * * * * * * * * * * * *

C U . F E E T
2 0 7 5 2 7 . 0 6 2

93440.000
1 1 2 2 5 2 . 6 0 2

6 9 9 . 0 7 3
1135.386

1 5 7 6 9 2 . 9 6 9
1 5 8 8 2 8 . 3 5 9

0.000

P E R C E N T
100.00

37.05
6 3 . 6 9

0.42
-1.16

0.00
0.00
0.00

***********

***********

P E R C E N T
100.00

45.03
54.09

0.34
0.55

0.00
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